All relevant data are within the paper and its Supporting Information files.

Introduction {#sec005}
============

Degenerative dementias develop insidiously over years and are often diagnosed in late stages of the illness. Rapidly progressive dementias (RPD) on the other hand include a myriad of conditions that functionally disable an individual within a span of few days to years.\[[@pone.0189832.ref001]--[@pone.0189832.ref003]\] These are therefore recognized earlier and provide an opportunity for intervention.

With the advent of newer serological and imaging aids, a genre of immune mediated dementias is evolving as a treatable entity, even though prion diseases and neurodegenerative disorders have been implicated as the common etiologies presenting with RPD in most of the series published. Infectious and nutritional causes of dementias may remain undiagnosed unless actively sought for. Dementia demands exhaustive work up to determine the cause which may span across the whole spectrum of diagnostic modalities ranging from routine serological investigations and imaging to invasive tests involving brain biopsies. Thus, a systematic and stratified approach for confirming the diagnosis and etiology is important.

This is a retrospective study of patients with RPD at presentation in a tertiary care centre, emphasizing the importance of simple routine tests that aid in diagnosing the etiology especially in developing countries.

Methods {#sec006}
=======

We screened the medical records of patients admitted at a tertiary care center in north India (Postgraduate Institute of Medical Education and Research) from January 2008 to August 2016. The study was approved by the Postgraduate Institute of Medical Education and Research institute ethics committee. All data were fully anonymized prior to analyses of the current study. Patients with rapidly progressive or young onset cognitive decline with suspected secondary causes for dementia or those with fluctuating course of symptoms were preferentially admitted in our centre. Dementia was defined using the Diagnostic and Statistical manual of mental disorders- 5 (DSM-V) criteria \[[@pone.0189832.ref003]\] for major neurocognitive impairment (decline in one or more cognitive domains with functional impairment). Those patients presenting within one year of symptom onset were selected for evaluation. Cases presenting with delirium (defined according to DSM-V as fluctuating disturbance in attention and awareness developing over short period of time) secondary to metabolic or septic causes or with signs of meningitis were excluded. Also patients whose symptoms could be explained due to drug intoxication or abuse or adverse effects were excluded from the study. Those with diagnosed psychiatric disorders which could explain the symptoms during presentation were excluded.

Alzheimer's dementia was defined as per the National Institute on Aging--Alzheimer's association \[[@pone.0189832.ref004]\] criteria.\[[@pone.0189832.ref004]\] Vascular dementia was defined according to the National institute of neurological and communicative disorders and stroke Association criteria.\[[@pone.0189832.ref005]\] Dementia with Lewy bodies (DLBD) was diagnosed using the consensus guidelines for the clinical diagnosis of DLB.\[[@pone.0189832.ref006]\] Patients with frontotemporal lobar degeneration (FTLD) subtype -behavioural variant FTD was diagnosed using the international consensus criteria.\[[@pone.0189832.ref007]\] Semantic dementia variant of FTD/primary progressive aphasia was diagnosed according to the consensus criteria\[[@pone.0189832.ref008]\].

Cases suspected of autoimmune encephalistis were screened using Graus et al \[[@pone.0189832.ref009]\] criteria with subacute onset working memory deficits, seizures or psychiatric disturbances, bilateral T2/FLAIR hyperintensities or PET showing increased upatake in medial temporal lobes, CSF pleocytosis or EEG showing epileptic or slow wave activity over temporal lobes after exclusion of alternative causes. Antibodies against cell surface, synaptic or onconeural proteins were available for selected cases due to financial constraints, cases with positive results were diagnosed as definite autoimmune encephalitis while those with negative results or non-availability of antibody testing were diagnosed as per the Graus criteria \[[@pone.0189832.ref009]\].

Patients with suspected subacute sclerosing panencephalitis (SSPE) were diagnosed using Dyken et al \[[@pone.0189832.ref010]\] criteria. Cases with progressive and subacute cognitive deterioration with typical signs like myoclonus were further evaluated to rule out other differential disorders. EEG was performed in all cases with the typical periodic high voltage discharges at 4--6 seconds considered diagnostic. Brain biopsy or autopsy evaluation was not available for any of the cases. Anti-measles antibody testing for CSF and serum samples was available in selected cases as per the records, with diagnosis of probable SSPE in these cases as per the Dyken criteria \[[@pone.0189832.ref010]\].

Patients presenting with rapid cognitive decline due psychiatric disturbances like bipolar disorders and major depressive disorders were diagnosed using DSM-V \[[@pone.0189832.ref003]\] after ruling out other possible secondary and neurodegenerative disorders. Those with prior history of psychiatric disorders were excluded from the study.

Cases suspected with Creutzfeldt-Jakob disease were diagnosed using European criteria for 2009 sporadic Creutzfeldt-Jakob disease (sCJD).\[[@pone.0189832.ref011]\] Patients suspected of primary CNS vasculitis (PACNS) were diagnosed based on Calabrese and Mallek criteria \[[@pone.0189832.ref012]\] and subjected to vascular imaging with either CT/MRI angiography. Digital Substraction angiography (DSA) and/or biopsy were available in selected cases. Systemic vasculitis work up was done in all patients. Brain imaging in the form of magnetic resonance imaging (MRI) or computed tomography (CT) scan was obtained in all cases with EEG and CSF routine analysis in selected cases. Patients with suspected neoplastic disorders underwent brain biopsies.

Rapidly progressive dementia was defined where cognitive impairment affecting the daily living activities developed over less than 1 year. There are no set criteria or definition for RPD, which has been described to range over few months to 4 years. In our study we selected patients with symptom onset of \<1year duration, as in previous series of RPD\[[@pone.0189832.ref013],[@pone.0189832.ref014],[@pone.0189832.ref015]\].

Clinical details were obtained from the hospital records. Demographic features, co-morbidities, presenting cognitive domains, associated neurological deficits were compared. Available data regarding biochemical, hemogram, thyroid function tests, serological work up for suspected connective tissue disorders, serum and CSF venereal disease research laboratory (VDRL) test, viral markers including Human immunodeficiency virus (HIV), hepatitis B (HBV)and C (HCV) screen, other CSF investigations and imaging reports including brain MRI, CT chest-abdomen and positron emission tomography (PET) scan were assessed. Autoimmune antibody panel testing was available in selected cases.

Age of onset was defined as per the age at which symptom onset was noticed by the caregivers. Symptom duration was defined in terms of days-months since onset of cognitive impairment till presentation to our health care facility. The major cognitive domains involved at the onset were noted. Associated other neurological deficits were compared. Higher mental function evaluation was recorded for all cases including mini mental status score at presentation and detailed lobar function tests (forward and backward digit span, clock drawing, category generation, graphic and motor Luria tests, calculation, apraxia testing, visual memory, paired learning and language assessment).

Patients were divided into three groups:

Group 1: Reversible (treatable) secondary dementia group

Reversible secondary dementia included all treatable causes like nutritional and metabolic causes, immune-mediated dementias and encephalopathies, infectious causes, neoplastic and metastatic disorders, psychiatric conditions (pseudo-dementias), demyelinating disorders and CNS vasculitis presenting with cognitive impairment.

Group 2: Prion dementia group (sCJD)

Group 3: Non-prion Neurodegenerative and vascular dementias (primary neurodegenerative and vascular dementia)

Statistical analysis {#sec007}
====================

The demographic and clinical profile was analyzed as per the categorization. The age of onset, symptom duration and MMSE scores at presentation were compared between the groups using ANOVA and post hoc tests.

Results {#sec008}
=======

We screened 693 case records of patients admitted under neurology services with dementia from Jan 2008 to Aug 2016. Of these 465 cases were excluded due to time from symptom onset to dementia of more than a year. Of 228 cases with symptom onset one year or less, 23 cases were excluded due to presence of delirium, and 18 for the non-availability of records. 187 cases with RPD were included in study ([Fig 1](#pone.0189832.g001){ref-type="fig"}).

![Flow chart of study design.](pone.0189832.g001){#pone.0189832.g001}

Demographic profile of the study population {#sec009}
===========================================

In the total study population 122 (65.2%) were males. Mean age at presentation was 49.3 ±18.21 years (13--84 years) with median of 50 years. The median duration of symptom onset was 4 months (mean ±SD = 5.28±4.1).

Etiological categories {#sec010}
======================

The clinical profile of patients across to various etiological subgroups is shown in [Table 1](#pone.0189832.t001){ref-type="table"}.

10.1371/journal.pone.0189832.t001

###### Clinical and demographic profile of patients as per the etiologic subgroups.

![](pone.0189832.t001){#pone.0189832.t001g}

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Sr no.   Etiological subgroup                                             No\   Mean age±SD years   Median age (IQR) years   Males (%)   duration in months\   Average MMSE score\
                                                                            (n)                                                            Mean ± SD (median)    (mean±SD)
  -------- ---------------------------------------------------------------- ----- ------------------- ------------------------ ----------- --------------------- ---------------------
  1        Infectious disorders                                             39    32.4±16.8           25(20--42)               26(81.2%)   5.9±3.9(4)            18.14±6.09

  2        Immune mediated encephalitis/encephalopathy                      34    54.5±16.9           55 (45,69.2)             16(50%)     3.9±3.8 (2)           18.15±7.07

  3        Neurodegenerative disorders                                      27    56.2±13.3           58(43.5--65.5)           21(84%)     9.2±3.9(12)           18.6±5.83

  4        Neoplastic or metastatic disorders                               25    56.17±14.1          58 (47.5--60.5)          15(65.2%)   3.04±2.6 (1)          18.8±7.71

  5        Vascular cognitive imparment and other cerebrovascular events:   18    62.3±13.7           59 (50.7--78)            13(81.2%)   6.7±3.4(6)            11.4±3.5

  6        Prion diseases                                                   14    57.7±9.6            58(47.7--67)             7(50%)      3.8±3.3(3)            20.5±2.06

  7        PACNS:                                                           10    35±9.9              35.5(30.5--41)           8(80%)      5.9±4.4(5.5)          22.3±6.28

  8        Nutritional and metabolic disorders                              7     42.14±15.1          50 (25--54)              5(83.3%)    6.3± 4.8(8)           18.25±5.9

  9        Demyelinating disorders:                                         6     38.5±17.7           39.5(21--51.5)           3(50%)      3.33±3.5(2.25)        24.6±2.64

  10       Psychiatric Conditions:                                          5     56.8±13.1           64(42.5--67.5)           1(20%)      5±4.3(4)              28.2±1.3

  11       Mixed / undetermined dementia                                    2     53.3±20.9           53                       6(60%)      5.2±4.02(4.5)         22±2
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SD: standard deviation, IQR: interquartile range, MMSE: mini mental status examination, PACNS: primary CNS vasculitis

Infections represented the largest proportion of our RPD patients; SSPE, HIV with Progressive Multifocal Leukoencephalopathy (PML) and neurosyphilis were leading causes. [Table 2](#pone.0189832.t002){ref-type="table"} shows characteristics of patients with infectious causes presenting with RPD.

10.1371/journal.pone.0189832.t002

###### Infectious causes presenting with rapidly progressive dementia.

![](pone.0189832.t002){#pone.0189832.t002g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Sr. no   Diagnosis:                     No. of patients:   Symptom duration:   MMSE\      Investigations:
                                                                                 (n±SD)     
  -------- ------------------------------ ------------------ ------------------- ---------- ---------------------------------------------------------------------------------
  1        HSV encephalitis               1                  15days              8          CSF HSV PCR: positive

  2        Tubercular meningitis          2                  5.5months           19.12      CSF: normal; communicating HCP with ring enhancing granulomas in parietal lobe.

  3        Cryptococcal meningitis        1                  4months             21         Cryptococcal antigen titre-1:64

  4        TBM+ Cryptococcal meningitis   1                  12months            17         CSF proteins:110, sugar:10, ADA:16, cryptococcal culture +; BAL: AFB2+

  5        Neurocysticercosis             3                  3.3months           17         Not done: 2; Normal: 1

  6        SSPE                           17                 3.94months          17.5±7.7   Raised CSF anti-measles antibody titre: 9; normal titre:1; not done: 6

  7        HIV dementia                   1                  3months             24         CSF: not done

  8        HIV + PMLE                     6                  4.33months          15±1.41    Mean CD4 count:95;

  9        Neurosyphilis                  7                  9.14months          10.8±3.9   CSF VDRL: positive in 5, sr.VDRL: positive in all
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CSF: cerebrospinal fluid, HSV: herpes simplex virus, PCR: polymerase chain reaction, TBM: tubercular meningitis, HCP: hydrocephalus, ADA: adenosine deaminase, BAL: bronchoalveolar lavage, AFB: acid fast bacilli, SSPE: subacute sclerosing panencephalitis, VDRL: venereal disease research laboratory.

Of the immune mediated encephalitis/encephalopathy group, 20 patients (58.8%) had presented within 3 months of symptom onset, MRI brain was done in all the cases and showed typical bilateral medial temporal and hippocampal hyperintensities in 7 (20.5%) cases, while it was normal in 9 (26.4%) and showed non-specific changes not supportive for the diagnosis in the rest. Autoantibody panel was done in 21 (61.7%) patients, showed positive results in 4 (12.5%) patients. CSF analysis was done in 28 cases and was supportive for diagnosis showing elevated proteins and/or pleocytosis in 11(34.3%) patients. 6 cases had fulfilled criteria for definite autoimmune encephalitis (AIE) \[4 antibody positive and 2 antibody negative AIE\]. One case had systemic evidence of sarcoidosis (endobronchial biopsy positive) with no parenchymal brain involvement and responded to steroids and methotrexate.

Among the neurodegenerative group 9 (33.3%) had bvFTD, 6 (22.2%) were AD, 3 (11.1%) DLBD, 3 (11.1%) NPH, 2 (7.4%) CBS, 2 (7.4%) semantic variant FTD/PPA, 1 (3.7%) FTD-PSP and 1 (3.7%) FTD-P. PET supported diagnosis in 6 cases (4-bv-FTD, 1-AD and 1- DLBD).

Primary CNS lymphoma (n = 20) was the most common Neoplastic etiology presenting with RPD. FDG PET showed lesions with avid uptake in 7 cases. Brain biopsy was done in 10 cases with definite evidence of lymphoma in 8 and inconclusive findings in 2. Other causes included gliobastoma multiforme (autopsy-1 and imaging probable-1), gliomatosis cerebri (1), glioma (1) and metastatic CNS lymphoma (1) in a known case of Non-Hodgkin's lymphoma.

Among vascular cognitive impairment and other cerebrovascular events group (n = 18) 3 patients had strategic infarcts, 12 multi-infarct states, 2 had chronic cerebral venous thromboses and one bilateral SDH. All except two patients underwent MRI with non-contrast CT head supporting diagnoses in the two patients with contraindications for MRI (metallic prostheses).

Among the prion disease group, all 14 cases satisfied the European criteria for probable sCJD. MR imaging was available in all 14 cases with 4 cases showing only cortical ribboning, 4 showing bilateral basal ganglia hyperintensities with diffusion restriction and 6 showing both. EEG was supportive for diagnosis with periodic discharges in 8 patients. None of our patients had underwent biopsy, CSF 14-3-3 or autopsy evaluations.

Primary CNS vasculitis comprised 10(5.3%) cases. Digital substraction angiography confirmed the diagnosis in 1 out of 4 cases. Dural based brain biopsy was done in 4 cases with features typical of granulomatous angitis seen in 3 cases and reactive gliosis in 1 case.

In patients with RPD due to nutritional and metabolic disorders alcohol related thiamine deficiency syndromes were the most common (with all 4 cases diagnosed on clinical and MRI findings). Hypothyroidism, non-ketotic hyperglycinemia and portal systemic encephalopathy were the rest.

Associated neurological deficits {#sec011}
================================

Other neurological deficits other than the cognitive domains were analysed ([Table 3](#pone.0189832.t003){ref-type="table"}). Extrapyramidal signs (28.8%), seizures (21.3%), upper motor neuron features (19.7%), myoclonus (17.1%), cerebellar signs (13.9%) and vision loss (9.09%) were among the common associated features.

10.1371/journal.pone.0189832.t003

###### Associated neurological deficits in patients with rapidly progressive dementia.

![](pone.0189832.t003){#pone.0189832.t003g}

  Sr.no              Category:                           No of patients: n (%)   
  ------------------ ----------------------------------- ----------------------- -----------
  1                  Vision loss                         17 (9.09)               
  2                  Other cranial nerve deficits        8 (4.2)                 
  3                  Pyramidal signs                     37 (19.7)               
  4                  Extrapyramidal signs and/or gait    54 (28.8)               
  5                  Cerebellar signs                    26 (13.9)               
  6                  Small fiber neuropathy              8 (4.2)                 
  7                  Visual hallucinations               9 (4.8)                 
  8                  Generalized and/or focal seizures   40 (21.3)               
  9                  Sleep disturbances                  REM disorders           9 (4.8)
  Hypersomnolence    5 (2.6)                                                     
  10                 Hyperkinetic movement disorders:    Myoclonus               32 (17.1)
  Opsoclonus         4 (2.1)                                                     
  Choreo-athetosis   6 (3.1)                                                     
  Dystonia           12 (6.4)                                                    
  Dyskinesia         6 (3.1)                                                     

The clinical profile of patients in the secondary reversible, prion dementias and non-prion degenerative dementia groups is shown in [Table 4](#pone.0189832.t004){ref-type="table"}.

10.1371/journal.pone.0189832.t004

###### Comparison of secondary reversible, prion dementias and non-prion degenerative dementia categories.

![](pone.0189832.t004){#pone.0189832.t004g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Subgroup no.   Category:                                             No.                                            Mean age:\   Median age:\                                    Sex\    Duration in months:\                          Most common domain involved                     MMSE\        MMSE\
                                                                                                                      years        Years                                           F:M     Mean± SD\                                                                                     Mean± SD\    Median (IQR)\
                                                                                                                                                                                           (median)                                                                                                   
  -------------- ----------------------------------------------------- ---------------------------------------------- ------------ ----------------------------------------------- ------- --------------------------------------------- ----------------------------------------------- ------------ ---------------
  1              Reversible (treatable) secondary dementias:           126                                            44.6\        47\                                             48:78   4.44±3.83\                                    Memory                                          17.41\       18(12--22)
                                                                                                                      ±18.6        (13--80)                                                (3)                                                                                           ±6.12        

  2              Prion dementias:                                      14                                             57.7±9.69    58.5\                                           7:7     3.8±3.3(3)                                    Memory & inattention                            19.54±1.85   20(18--22)
                                                                                                                                   (44--71)                                                                                                                                                           

  3              Non-prion Neurodegenerative and vascular dementias:   47                                             59.2±13.5\   58(32--84)                                      9:37    7.9±3.9\                                      Memory\                                         15.29±5.88   16(10--20)
                                                                                                                                                                                           (8)                                                                                                        

  P value        0.0001[^@^](#t004fn001){ref-type="table-fn"}          0.0001[^@^](#t004fn001){ref-type="table-fn"}   0.045        0.0001[^\$^](#t004fn002){ref-type="table-fn"}   \       0.039[\^](#t004fn003){ref-type="table-fn"}\   0.049[^\#^](#t004fn004){ref-type="table-fn"}\                
                                                                                                                                                                                           (One way ANOVA)                               (Kruskal Wallis test)                                        
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\@Post hoc test with Bonferroni correction p value (1 vs 2) = 0.020; (2vs3) = 1.000; (1vs3) = 0.0001

\$Post hoc test with Bonferroni correction p value (1 vs 2) = 1.000; (2vs3) = 0.002; (1vs3) = 0.0001 (The mean difference is significant at p\< 0.017)

\^ Post hoc test with Bonferroni correction for multiple comparisons (for all comparisons) statistically not significant at p\<0.05

\# Post hoc test with Bonferroni correction for multiple comparisons (for all comparisons) statistically not significant at p\<0.05

The comparison of clinical and demographic profile in early (\<6months) versus late (\>6months) presentation is depicted in [Table 5](#pone.0189832.t005){ref-type="table"}.

10.1371/journal.pone.0189832.t005

###### Comparison of etiologic and investigation utilities in early versus late rapidly progressive dementia presentations.

![](pone.0189832.t005){#pone.0189832.t005g}

  Sr. no                         Clinical feature:            No of patients (n)   P value                       
  ------------------------------ ---------------------------- -------------------- ------------- ------- ------- ------
  1                              Etiology                     Nutritional          04            03      0.750   
  Immune mediated                26                           08                   0.219                         
  Neoplastic                     23                           02                   0.002                         
  Vascular                       12                           06                   0.741                         
  Infectious                     28                           11                   0.757                         
  Neurodegenerative:             09                           18                   0.000                         
  Pseudodementia:                04                           01                   1.000                         
  Prion diseases:                11                           03                   0.632                         
  PACNS                          06                           04                   0.752                         
  Demyelinating disorders        05                           01                   0.790                         
  Dementia NOS:                  01                           01                   0.701                         
  2\.                            Cognitive domain involved:   Memory:              34            20      0.296   
  Attention:                     27                           01                   0.003                         
  Social cognition:              13                           12                   0.062                         
  Memory and attention:          19                           05                   0.345                         
  Memory and social cognition:   11                           07                   0.434                         
  Others:                        25                           13                   0.695                         
  3\.                            MRI in diagnosis:            Definite:            16            02      0.258   
  Supportive:                    57                           27                                                 
  Not contributory:              48                           28                                                 
  4\.                            EEG in diagnosis:            Definite:            18            2       0.004   
  Supportive:                    4                            1                                                  
  Not contributory:              44                           34                                                 
  5\.                            CSF analysis:                Raised proteins:     Supportive:   36      19      0.85
  Not contributory:              60                           28                                                 
  pleocytosis                    Supportive:                  18                   5             0.332           
  Not contributory:              78                           42                                                 

PACNS: primary CNS vasculitis, NOS: not otherwise specified MRI: magnetic resonance imaging, EEG: electroencephalography, CSF: cerebrospinal fluid. Using Fisher's exact test.

Investigation profile {#sec012}
=====================

Serological tests {#sec013}
-----------------

### Autoimmune antibody panel {#sec014}

A panel for autoimmune antibodies \[comprising: Anti VGKC (LG1, CASPR2), ANNA 1,ANNA 2, ANNA 3, AGNA, PCA 1, PCA 2, ANTI-Tr, AMPHIPHYSIN, CRMP5, Anti: Ma/Ta\] was done in 21 patients, with positive results in 5 (anti-NMDA: 1, anti-Ma/Ta: 1, anti-purkinje cell antibody:1, anti-CASPR2: 1 and unclassified antibody of unknown significance: 1). Two patients underwent only NMDA antibody testing with positive result in one, while complete panel was done in rest.The panel was not tested due to financial constraints in 9 patients while results were not available in 3 patients.

### Anti-TPO antibody test {#sec015}

Anti-TPO antibodies were tested in 140 patients and were elevated in 8 patients. Three of these had features typical of steroid responsive encephalopathy.

### VDRL test {#sec016}

CSF-VDRL was done in 154 cases with positive results noted in 5 patients. Serum VDRL was done in 159 cases with positive results in 7 patients.

### Serum B12 {#sec017}

Serum B12 levels were tested in 32 cases, with below normal levels in 4.

### Imaging {#sec018}

MRI was done in 178 cases and was supportive for diagnosis in 102 cases (73 early dementias vs. 29 late dementias; p = 0.258) with findings as described above in the respective etiologic subgroup. 16 cases had normal MRI, while 60 cases had non-specific changes (non specific T2 hyperintensities, diffuse cerebral atrophy, microangiopathic changes). Rest of the 9 patients with contraindications for MRI (metallic prosthesis) underwent non-contrast CT head.

### CSF analysis {#sec019}

CSF evaluation was done in 143 cases and was supportive for diagnoses with raised proteins (n = 55; 38%) or pleocytosis (n = 23;16%). The details of findings have been described above.

### EEG {#sec020}

EEG was performed in 103 cases and was supportive for diagnosis with periodic discharges in 20 cases (Prion: sJCD in 8 cases, SSPE:11 and HSV encephalitis:1)

Discussion {#sec021}
==========

We evaluated the clinico-epidemiological profile of patients with RPD admitted at our center over Jan2008-Aug 2016. In our study, secondary reversible causes formed the most common cause for RPD with infectious causes, immune mediated encephalitides and neoplastic disorders. This is in contrast to the evidence in literature that shows prion diseases as the leading cause of RPD in most case series which were based on prion disease and RPD referral centres \[[@pone.0189832.ref013],[@pone.0189832.ref014]\]. Our study showed a younger onset of illness when compared to similar series reported earlier \[[@pone.0189832.ref015],[@pone.0189832.ref016]\] and similar to the Studart Neto et al \[[@pone.0189832.ref017]\] series. This could be due to a larger proportion of infectious and autoimmune etiologies of RPDs which presented at younger age in our study population. ([Table 6](#pone.0189832.t006){ref-type="table"})

10.1371/journal.pone.0189832.t006

###### Comparison between earlier RPD series and our study.

![](pone.0189832.t006){#pone.0189832.t006g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study group:                                      No of cases\   Mean age at onset: (n± SD)   Median age (Range):   Symptom duration (median):   M:F      Most common etiology:
                                                    (n)                                                                                                     
  ------------------------------------------------- -------------- ---------------------------- --------------------- ---------------------------- -------- -----------------------------------------
  Papageorgiou et al.^15^\                          68             65.5±10.0                    66.7 (35.3--82.8)     6.7±3.06\                    37:31    1^st^: S-DEM: NPH\
  (Jan 2004-Dec 2006: RPD\<1year)                                                                                     (7)                                   2^nd^: AD\
                                                                                                                                                            3^rd^: FTD

  Sala et al.^16^(Oct 1994-Mar 2009: RPD\<1 year)   49             72.4±11.6                    NA                    4.6±3.8                      22:27    1^st^ ND: AD\
                                                                                                                                                            2^nd^: Prion disease\
                                                                                                                                                            3^rd^: vascular and toxic/metabolic

  Studart Neto et al^17^\                           61             48±19.6                      (14--84)              6.4±6.6                      22:39    1^st^: immune mediated\
  (Mar 2012-Feb 2015: RPD\<2years)                                                                                                                          2^nd^:infectious disorders\
                                                                                                                                                            3^rd^: Prion diseases\

  Our study: (Jan 2008-Aug 2016: RPD\<1 year)       187            49.3±18.2                    50 (13--84)           5.28±4.1\                    122:65   1^st^: immune mediated\
                                                                                                                      (4)                                   2^nd^: infectious disorders\
                                                                                                                                                            3^rd^: non-prion neurodegenerative: FTD
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SD: standard deviation, F: females, M: males, S-DEM: secondary dementia, NPH: normal pressure hydrocephalus, AD: Alzheimer's disease, FTD: frontotemporal dementia, ND: neurodegenerative dementias.

Infections presenting with RPD accounted for the most common cause in our series (39%) with SSPE (41%) as the leading cause followed by neurosyphilis (17.9%) and PMLE (15.3%). NPDPSC \[[@pone.0189832.ref018]\] cohort reports infections to be fifth common cause for non-prion dementias, while neurosyphilis represented 2.9% cases in the RPD series by Papageorgiou et al.\[[@pone.0189832.ref015]\] Among patients with SSPE, 11(64.7%) were males, mean age of 19.7± 4.2 years and median age 20years (13--27 years). Past history of exanthematous fever was available in 10 (62.5%) cases. Only five (31.2%) patients had received immunization. Memory impairment and behavioral disturbances were most common cognitive domains involved and were the presenting features in 10 (62.5%) patients. Vision loss (4-posterior visual pathway; 2-maculopathy) was associated in 6 (37.5%) patients. Though none of the aforementioned RPD series or the young onset dementia series by Kelly et al. \[[@pone.0189832.ref019]\] had SSPE as a cause, there are case reports with SSPE presenting with dementia \[[@pone.0189832.ref020],[@pone.0189832.ref021]\]. The higher proportion of cases with SSPE in our series could be due to improper immunisation, failure of cold chain maintenance or circulating atypical measles virus strain. Apart from the serological tests for HIV and other viral markers, serum and CSF VDRL test; EEG showing periodic discharges proved to be a useful aid in diagnosis in this category.

Immune mediated dementias formed the second most common (18.1%) etiologic cause for RPD. Although there was only one patient each of this group in earlier compared tertiary care centre series \[[@pone.0189832.ref015],[@pone.0189832.ref016]\], it formed the second most common cause (13%) of non-prion RPD in the UCSF cohort \[[@pone.0189832.ref013]\]. These are characterized by rapidly progressive and fluctuating course, detection of inflammatory markers in CSF, presence of neural-specific antibodies and personal or family history or serologic evidence of other associated autoimmune conditions.\[[@pone.0189832.ref022]\] A trial of immunotherapy may serve as a diagnostic test. Presence of anti-neuronal antibodies is not required for diagnosis \[[@pone.0189832.ref022]\]. In our study the panel was tested for 21 patients and 4 revealed positive results. MRI showing bilateral medial temporal and hippocampal hyperintensities was supportive for diagnosis in 7 cases. CSF showing raised proteins and/or pleocytosis was supportive in 10 cases. All patients were treated with IV methyl prednisolone pulse, followed by oral steroids in 13 cases. Additional immunosuppression in the form of IVIg was given in 3 cases. Methotrexate, cyclophosphomide, mycophenolate and rituximab were given in one patient each. One patient had systemic sarcoidosis on CT chest and transbronchial lung biopsy, though Gad MRI brain did not reveal any lesions and responded well to steroid and methotrexate. Two patients were found to have neoplastic association (1- breast and 1-prostate) on systemic screening with FDG PET.

With increased awareness of this potentially treatable cause for cognitive decline and a possible sentinel marker of underlying undetected malignancy this entity is being increasingly searched for, therefore explaining the increasing proportion in newer series of RPD.

The neurodegenerative dementias were third common cause for RPD in our series while this was the most common cause in the Papageorgiou et al.\[[@pone.0189832.ref015]\] and Sala et al.\[[@pone.0189832.ref016]\] series. Among the non-prion degenerative group vascular cognitive impairment 18 (38.2%) and FTD behavioral and other variants (FTD-semantic variant-2, FTD-PSP-1 and FTD-P-1) were more common 13 (27.6%) followed by AD, DLBD, NPH,CBS and mixed dementia. Among other series AD was followed by FTD \[[@pone.0189832.ref014],[@pone.0189832.ref023]\] while DLBD was reported to be more common cause for non-prion degenerative RPD in UCSF cohort \[[@pone.0189832.ref013]\].

Among the neoplastic causes, primary CNS lymphoma (n = 20) was the most common cause in our study group. With FDG PET showed lesions with avid uptake in 7 cases. Brain biopsy was done in 10 cases with definite evidence of lymphoma in 8 and inconclusive findings in 2. Other causes included gliobastoma multiforme (biopsy proven-1 and imaging probable-1), gliomatosis cerebri (1), glioma (1) and metastatic CNS lymphoma (1) in a known case of Non-Hodgkin's lymphoma. Other series reported neoplastic causes to be third most common non-prion dementias (8%) in UCSF \[[@pone.0189832.ref013]\] series and fourth (8%) in NPDPSC \[[@pone.0189832.ref021]\] cohort.

Among patients with RPD due to nutritional and metabolic disorders alcohol related thiamine deficiency syndromes were the most common (with all 4 cases diagnosed on clinical and MRI findings). Hypothyroidism, non-ketotic hyperglycinemia and portal systemic encephalopathy were the rest. Alcohol related dementia may result from Wernicke--Korsakoff syndrome, Marchiafava--Bignami disease (MBD), hepatic encephalopathy, head injuries, subdural hematoma alone or in various combinations. Routine MRI or CT may help in diagnosis. Diffusion weighted imaging sequences may be required to establish subtle lesions in MBD. Prompt treatment with parenteral thiamine supplementation on clinical suspicion of thiamine deficiency is warranted.

Hypothyroidism is one of the most important causes of potentially reversible dementia.\[[@pone.0189832.ref024]\]The progressive neurocognitive decline seen in patients with untreated hypothyroidism can be averted or at least slowed with prompt and appropriate pharmacological management. Steroid responsive encephalopathy associated with autoimmune thyroiditis although not directly related to altered thyroid hormone status, is an important cause for reversible dementias. Our study included 3 cases with Hashimotos encephalopathy with steroid responsiveness, though Anti-TPO antibody levels were found to be elevated in 8 cases. The clinical presentation with fluctuating cognitive symptoms and myoclonus mimics sCJD. Hence thyroid function tests including anti-TPO antibody level form an indispensible part of RPD evaluation panel.

Hepatic or portal systemic encephalopathy can alter cognitive performance even without overt signs of hepatic failure \[[@pone.0189832.ref025]\]. Hyperammonemia may be central to its causation and the clinical state of the patient correlates well with arterial ammonia levels. Endogenous benzodiazepine ligands may also contribute. Electroencephalography (EEG) may show slow waves or triphasic waves. Increased signal intensity in the globus pallidus on T1-weighted MR images of the brain is typical and much of the cognitive dysfunction may improve with treatment.

Among prion disease group, all of our 14 cases met the European criteria \[[@pone.0189832.ref012]\] for diagnosis of probable sCJD. MRI and EEG aided in the diagnosis. Although none of our patients had undergone biopsy or CSF 14-3-3 analysis, previous studies evaluating accuracy of diagnostic criteria for sCJD \[[@pone.0189832.ref026]\] have shown high sensitivity combining DW images and CSF analysis with 14-3-3 and total tau protein level. Prion diseases have been reported to be the most common cause for RPD in UCSF cohort \[[@pone.0189832.ref013]\] while the second common cause in Sala et al \[[@pone.0189832.ref016]\] series.

Primary CNS vasculitis comprised 10(5.3%) cases. Digital substraction angiography confirmed the diagnosis in 1 out of 4 cases. Dural based brain biopsy was done in 4 cases with features typical of granulomatous angitis seen in 3 cases and reactive gliosis in 1 case. CNS vasculitis comprised 3% of the non-prion RPD cases in UCSF cohort \[[@pone.0189832.ref013]\].

We further subdivided the study group into early (≤6months) and late (\>6 months) presentation. Among the etiologic profile, neoplastic disorders and immune mediated presented early while neurodegenerative disorders presented later.

The possible etiologies that manifest as RPD are protean. It is prudent that the approach to RPD be directed at early recognition of reversible secondary causes. A detailed history and clinical examination is of paramount importance, which cannot be superseded by any investigations. We wish to propose a protocol approach to evaluating RPD ([Fig 2](#pone.0189832.g002){ref-type="fig"}).

![Investigation protocol for evaluation of rapidly progressive dementia.\
(TFT: thyroid function tests; Anti-TPO: anti thyroid peroxidase antibody, VDRL: veneral disease research laboratory test; CEMRI: contrast enhanced magnetic resonance imaging; EEG: electroencephalogram; ACE: angiotensin converting enzyme test; CECT: contrast enhanced computerised tomography; FDG PET: Fluorodeoxyglucose positron emission tomography scan; IEM: inborn errors of metabolism).](pone.0189832.g002){#pone.0189832.g002}

Limitations of the study {#sec022}
------------------------

This was a retrospective study over 8 years (2008--2016). We had to rely on the records for clinical details and imaging reports. Individual MRI and CT scan films or computer based data were not available for assessment in patients before 2014. Detailed lobar function assessment and MMSE was routinely performed by the neurophysicians on duty and used for evaluation of all RPD patients. Thorough neuro-psychological assessment was not available for all the patients (except for the neurodegenerative dementia subgroup). Autoimmune antibody panel was done in 21 (62%) patients, (in 13 patients (38%) the panel could not be performed due to financial constraints, and were classified according to Graus et al criteria as antibody negative AIE or on the basis of response to immunotherapy as immune mediated dementias.)

FDG PET was not done in 142 cases (75.9%) due to financial constraints, it was a preferred investigation in immune-mediated dementia, Neoplastic and degenerative dementias. These findings were not individually used for statistical analysis.

Also few subgroups, as in infectious disorders with RPD had smaller sample size, inadequate for detailed statistical analysis.

Conclusions {#sec023}
-----------

Rapidly progressive dementia is an emergency in cognitive neurology. We feel that many patients have treatable or reversible causes. Autoimmune encephalitis/ Immune mediated dementias, nutritional and infectious causes are the common causes of RPD in this study. A systematic evaluation can unravel treatable conditions that were doomed as degenerative entities in the past.
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